Graphical Abstract (for review)
Eco-friendly solvents
Green surfactant
Emulsions with controlled droplet size

Formulation variables Processing variables
Direct ME Premix ME The task of product engineering is to design products of desirable features for given Conventional emulsification devices such as colloid mills, rotor-stator mixers, high-45 pressure homogenizers and ultrasonic homogenizers offer limited flexibility in terms of 46 PSD. Recently, membrane emulsification (ME) has received much attention due to its 3 ability to control the mean droplet size over a wide range together with the ability to 48 provide a narrow size distribution (Kosvintsev et al., 2005 ). Low energy consumption 49 lies at the heart of sustainable and socially responsible society (Cussler and Moggridge, 50 2011). The reduction in energy requirements by using ME is very significant when 51 compared with other homogenization processes. In fact, energy densities required to 52 achieve a mean droplet size of 1-10 µm using premix ME typically range from 10 4 to 53 10 6 Jm -3 , while those of rotor-stator devices and high pressure homogenizers range 54 from 10 6 to 10 8 Jm -3 (Karbstein and Schubert, 1995) . In addition, the ability to form 55 uniform dispersions with a technique that can be scaled from small scale to industrial 56 production makes the process very attractive (Peng and Williams, 1998) ; cross flow 57 membrane emulsification being the technique of choice for scaling-up. 58 Two main types of ME processes have been developed: direct ME involving the 59 permeation of pure dispersed phase through a microporous membrane into agitating 60 or recirculating continuous phase and premix ME involving the passage of previously 61 prepared coarse emulsion through the membrane (Charcosset et al., 2004) . Premix ME 62 provides several advantages over direct ME: (i) the dispersed phase flux is higher, so 63 the time required for the production is very short; (ii) the mean droplet-to-pore size 64 ratios are smaller than in direct ME. In direct ME, the mean droplet-to-pore size ratio often below 10. In premix ME, the mean droplet-to-pore size ratio is typically between 67 0.6 and 2 (Vladisavljević et al., 2006) ; (iii) the process parameters are easier to control 68 than in direct ME. One of the disadvantages of premix ME is a higher emulsion 69 polydispersity compared to direct ME. seen on the micrographs in Figure 2 . 144 The porosity of a membrane with regular hexagonal pore array is given by:
For the membranes used in this work, the porosity calculated from Eq. (1) were repeated three times for each sample.
173
The mean droplet diameter was expressed as the volume median diameter d(v,0.5), 174 which is the diameter corresponding to 50 vol% on the cumulative distribution curve.
175
The relative span of a drop size distribution was used to express the degree of drop 176 size uniformity (see Eq. 2). Sampling from the top part of the container in contact with air was avoided. In addition, PSD for the emulsions prepared by premix ME did not change substantially 203 in the experiments repeated 3 times under constant experimental conditions (Fig 3B) . 204 The average D(v,0.5) value was (23.16 ± 1.85) µm and span was 1.78 ± 0.09. The 205 reproducibility of the results in direct ME was better than that in the premix process, 206 probably because the PSD of the coarse emulsion was not exactly the same in all 207 premix ME runs. In both processes, bimodal distributions were obtained and PSD was 208 more uniform in the samples prepared by direct ME. (Table 1) . This could be due to the 216 low interfacial tension of the solvent blends compared to pure d-limonene (Table 2) .
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The interfacial tension force is the main force resisting the drag force and holding a Therefore, in premix ME more uniform emulsion droplets were produced with the 352 higher pore size, as opposed to direct ME. could not be obtained below 40 wt% dispersed phase. Figure 13C shows mechanical 369 spectrum of a 40 wt% emulsion produced by direct ME at 620 rpm and 129 L m -2 h -1 .
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The loss modulus G'' was higher than the storage modulus G' at every frequency. This Figure 13C . Mechanical spectra for 40 wt% emulsion produced by direct ME at 129 L m -2 h -1 and 620 rpm using 10 µm membrane. 4.0 ± 0.3 - Table 2 
